The genetic analysis of slow-growing rhizobia has been hampered by the lack of suitable gene transfer systems and apparent difficulties in the isolation of auxotrophic mutants. The genetics of these rhizobia are further complicated by spontaneous indigenous rearrangements between the chromosome and plasmid DNA (2) . We have been interested in characterizing a biotype of extra-slow-growing (ESG) strains (doubling times of .14 h) of Rhizobium japonicum (9) from alkaline soils which show a distinct plasmid profile. They contain from two to four plasmids ranging from 74 to 200 kilobases (kb), and they have 140-and 182-kb plasmids in common (9) . A correlation between one or more of these plasmids and the ability of the strains to survive in soils with high pH, high conductivity, high sodium content, and low levels of iron was suggested. However, under in vitro conditions, ESG strains neither tolerated high NaCl concentrations nor could they survive on media deleted specifically for iron by ethylenediamine di(o-hydroxyphenyl)acetic acid when compared with common R. japonicum strains (unpublished data). There also was no evidence of any correlation between the indigenous plasmids of the ESG strains and intrinsic antibiotic resistance, efficiency of nitrogen fixation, and sensitivity or resistance to 32 heavy metals (unpublished data). Curing of one or two plasmids from strains RJ19FY and RJ14C by elevated temperatures did not result in any phenotypic changes (unpublished data; S. G. Pueppke, personal communications). Thus, other approaches were required to characterize the plasmids.
Transposons have been used to characterize the genomes of many bacteria. In several fast-growing rhizobia, nodulation and nitrogen fixation genes have been characterized by using transposon elements such as Tn5, which specifies resistance to kanamycin, neomycin, and streptomycin (8, 15) , and Tn7, which specifies resistance to trimethoprim and streptomycin (3) . Tn5 p,g/ml) were used with L-arabinose agar (19 (10) and germinated on water agar for 3 days in the dark. Seedlings were planted in 500-ml bottles with sterile' vermiculite and moistened with 50 ml of nitrogen-free nutrient solution (19) . Plants were inoculated with 6 ml of mid-log phase cells (108 CFU/ml) suspended in sterile phosphate' buffer (pH 7.1). Sterile conditions were maintained for 10 (Fig. 2) were relatively more stable than in RJ17W and RJ19FY (11 of 11 of RJ12S derivatives retained Kmr after they were passed through 10 subcultures on L-arabinose medium). Hybridization results (Fig. 2) show retention of pUW942 sequences in indigenous plasmids and chromosomal DNA. Up to 80% of individual colonies of the 11 RJ12S transconjugants retained their Kmr marker after they were passed through 10 series of subcultures on L-arabinose agar. The presence of Tn7, transposed from pUW942, in the transconjugants was determined by growing them on streptomycin (10 pLg/ml) to which wild-type RJ19FY, RJ17W, and RJ12S were sensitive. All the wild-type strains were resistant to high levels of trimethoprim (50 ,ug/ml); hence, this marker could not be used. In all the R. japonicum Hgr transconjugants, the presence of Tn7 was comparatively less stable than that of Tn5OI. Several of the transconjugants with vector plasmid cointegrates lost Tn7 from their genome after a few transfers on nonselective medium (RJ19FY, 6 of 9; RJ17W, 8 of 9; RJ12S, 5 of 11).
Transposition of Tn7 occurred at a low frequency into all the strains of R. japonicum via pUW942. In strains RJ12S and RJ19FY, Tn7 was transferred at a frequency of 2 x 10-9 and 3.4 x 10-8 per recipient, respectively. In strain RJ23A, Tn7 transfer was undetectable (Table 2) .
Plant infection tests. Three Hgr transconjugants of each strain of R. japonicum with TnSOJ on one of the resident plasmids and two transconjugants with chromosomalpUW942 cointegrates were tested for nodulation ability on soybeans. Uninoculated plants did not nodulate. Nodulation by Hgr transconjugants was almost equal to that by wild-type strains. None of the Hgr transconjugants was nonnodulating. All the transconjugant strains were reisolated from nodules and tested for their ability to grow on HgCl2-containing medium. Transconjugants with TnSOJ insertions on plasmids retained Hgr in all cases. However, in RJ19FY and RJ17W, Hgr transconjugants with pUW942-chromosomal cointegrates lost Hgr in 2 to 8% of the colonies isolated from single nodules, suggesting the instability of cointegrates. Further subjection of the Hgr transconjugants to 37°C for 5 days eliminated the resistance to 75 ,ug of kanamycin per ml in 92 to 96% of surviving colonies in all the three strains.
Transfer of Hgr from R. japonicum to recipients. Transconjugants with Tn501 on plasmids or in the chromosome or with pUW942 in the chromosome could not transfer Hgr to Agrobacterium tumefaciens G106, A. radiobacter B344, A. rhizogenes Al or AB11; P. syringae 5D4132, R. japonicum RJ23A, or R. japonicum 311b110. None of the RJ17W Hgr transconjugants with Tn5OJ or pUW942 could transfer Hgr into a plasmidless E. coli C strain. However, RJ19FY Hgr transconjugants with pUW942 insertions in the chromosome transferred Hgr to E. coli C at a frequency ranging from 10-5 to 10-7 per recipient. None of the indigenous ESG R. japonicum plasmids were mobilizable into E. coli C along with Hgr. One of the Hgr transconjugants of RJ19FY, RJ19FY29, transferred Hgr into E. coli C at a frequency of 2.6 x 10-7 along with the transfer of plasmids of 83, 84, and 86 kb (Fig. 3) . Subsequently all these Hgr transconjugants were found to be Apr Kmr Smr Tpr and Hgr (Table 3) , indicating the transfer of pUW942.
RJ12S transconjugants with TnSOJ on plasmids did not transfer Hgr to E. coli. However, RJ12S68 and RJ12S79, with pUW942 in their chromosomes, transferred Hgr along with a 90-kb plasmid at a frequency of 4.2 x 10-5 and 1.5 x 10-4, respectively. E. coli C Hgr transconjugants with 90-kb plasmids acquired all the resistance markers of pUW942.
EcoRI digests of R' plasmids. The 86-kb R' plasmids transferred from RJ19FY29 to E. coli C did not hybridize with indigenous plasmids of RJ19FY (data not shown) but strongly hybridized to 16.8-and 4.9-kb fragments of EcoRI digests of total DNA of wild-type RJ19FY (Fig. 4) . The 82-kb plasmid had the same restriction pattern as that of pUW942, did not hybridize to either plasmids or chromosomal DNA of wild-type RJ19FY, and appeared to be the same as the original pUW942. Similarly, an R' plasmid transferred from RJ12S68 hybridized with a 10.8-kb fragment of an EcoRI digest of wild-type RJ12S total DNA (Fig. 4) , as well as the vector plasmid.
EcoRI digests of the 86-and 84-kb plasmids transferred from RJ19FY29 to E. coli C consisted of two additional fragments of 2 and 1.7 kb (pAK,) or 2.1-kb (pAK2), respec- tively, in addition to pUW942-specific fragments (Fig. 5) . EcoRI digests of the 90-kb plasmid pAK3 transferred from RJ12S68 or RJ12S79 consisted of an additional 8.3-kb fragment (Fig. 5) .
Transfer of Hgr from R' plasmids from E. coli C into the parent wild-type R. japonicum occurred at approximately a 10 times higher frequency when compared with that of pUW942 (Table 4 ). In addition, the transfer frequency of Hgr into RJ12S was increased when pAK, was the vector plasmid for TnSOJ.
DISCUSSION
The chimeric plasmid pUW942 with RP4 transfer genes and the ColEl replication region was successfully used to introduce transposons TnSOJ and Tn7 into ESG strains of R.
japonicum. pUW942 was not maintained in an autonomously replicating state. Instead, all or part of it either integrated into the chromosome or plasmid(s) of R. japonicum. Integration of pUW942 into the chromosome or resident plasmids of R. japonicum may be the result of the ColEl region, since R plasmids transferred by conjugation to R. japonicum do not usually integrate (2) . Loss of Tn7 from some of the transconjugants that retained other resistance factors of the vector plasmid suggested its high instability. The low transfer frequency of Tn7 into ESG R. japonicum is in contrast to that which occurs in fast-growing Rhizobium meliloti (3). Only strains RJ19FY, RJ17W, and RJ12S acquired Tn7. The low frequency of transfer and inability of RJ23A to acquire Tn7 is not due to the lack of transfer of pUW942, since its Hgr (Tn501) transfer was relatively high. However, transposition of Tn7 is extremely site specific in E. coli (1), Caulobacter crescentus (7), and R. meliloti (3) "82-kb plasmid transferred from RJ19FY29; same as pUW942. Where R' plasmids were used to transfer Hgr from E. coli C into R. japonicum, there were noticeable increases in transfer efficiency not only to the R. japonicum strain from which the R' plasmid was derived but also to other strains, thereby suggesting some genetic homology among these strains. The results reported here show the genetic manipulability of very slow growing R. japonicum strains, as well as the complexity of transposon mutagenesis.
